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‘Methods of Design and Construction and Results of 
Operation of Submerged Pipe Lines for Outfall Sewers.’ Report 
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* Some Features of Sewer Design.” By John W. Ray- 
mond, Jr. 
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By Howard K. Alden. ; 
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MINUTES OF MEETING. 


Boston, December 20, 1922.—A regular meeting of the 
Boston Society of Civil Engineers was held this evening in 
Lorimer Hall, Tremont Temple, and was called to order by the 
President, Dugald C. Jackson, at 7.45 p.m. There were about 
150 members and guests present. 

The minutes of the previous meeting were approved as 
printed in the November JOURNAL. 

The Secretary announced the names of those elected to 
membership by the Board of Government at meetings held on 
November 23, 1922 and December 20, 1922. 
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T° 2a,04 922, 
ae —— Messrs. Edward Sherman Chase, Howard 
Pike Fessenden, Thomas P. Glynn and Edward L. Moreland. 
Juniors — Messrs. Benjamin Warder Thoron and Earl 
Holden ee Ae 
ecember 20, ) 
eee — Messrs. William J. Alcott, Jr., Everett A. Arm- 
ington, Ralph E. Baker, Howard L. Brown, John J. Burke, 
John H. Burroughs, Daniel J. Cadigan, Charles C. Carroll, William 
N. Carroll, Hiram R. Chubbuck, Samson K. Cohen, William F. 
Donnelly, Thomas J. Fitzgerald, Lawrence R. Flynn, Edwin 
T. Hoisington, Arthur W. Hunt, Thomas Kelly, Thomas B. 
Kenney, Arthur J. Lennon, William A. Liddell, Frank P 
McCarthy, Edward L. Moulton, Frederick F. Murphy, James S. 
Murray, John H. L. Noyes, Michael D. O’Farrell, Alonzo B. 
Reed, Elwyn L. Russell, Richard A. Scannell, George H. Sher- 
man, Roland G. Stafford, Frank B. Stevens, Jr., Thomas F. 
Sullivan, William J. Sullivan, Lawrence E. Weeks, Kilborn 
Whitman, Jr. 


Juniors — James H. Bartlett, Jr., Emery W. Garney, Saul 
E. Moff. i. 


The President announced the death of Robert C. P. Cogge- 
shall on October 20, 1922, and of Lawson Bennett Bidwell on 
November 19, 1922. Mr. Bidwell was President of the Society 
in 1901-02. 

It was voted to authorize the President to appoint com- 
mittees to prepare memoirs of these members. 

The subject of the evening was ‘‘ The Manufacture and 
Distribution of Gas’’ and Herbert N. Cheney, Vice-President 
of the Boston Consolidated Gas Co., gave a brief history of the 
development of the Gas Industry up to the present time. 

He next described in detail the operation of the model water 
gas plant which had been set up on the stage. This plant, built 
to the scale of one inch to the foot, and complete in every detail, 
was then operated by D. S. Reynolds, Engineer of Construction 
of the Boston Consolidated Gas Co. Several runs were made 
showing the complete cycles involved in the manufacture of 
water gas, the various stages being explained by means of an 
electric sign which described each step as it took place. 

The second portion of the program was an illustrated talk 
on “Gas Holder Design and Construction,” by E. F. Miller, 
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Consulting Engineer (formerly Chief Engineer, Camden Iron 
Works). Mr. Miller traced the development of Gas Holders 
from the early types to the most modern ones under construc- 
tion at the present time. 

After further questions concerning the water gas plant 
operation and a brief discussion of Mr. Miller’s paper, the meet- 
ing adjourned at 9.50 p.m. 

J. B. Bascock, Secretary. 


APPLICATIONS FOR MEMBERSHIP. 
[January 15, 1923.] 


THE By-Laws provide that the Board of Government shall 
consider applications for membership with reference to the 
eligibility of each candidate for admission and shall determine 
the proper grade of membership to which he is entitled. 

The Board must depend largely upon the members of the 
Society for the information which will enable it to arrive at a 
just conclusion. Every member is therefore urged to communi- 
cate promptly any facts in relation to the personal character or 
professional reputation and experience of the candidates which 
will assist the Board in its consideration. Communications 
relating to applicants are considered by the Board as strictly 
confidential. 

The fact that applicants give the names of certain members 
as reference does not necessarily mean that such members en- 
dorse the candidate. 

The Board of Government will not consider applications 
until the expiration of twenty (20) days from the date given. 


Fay, Herman, Hartford, Conn. (Age 27, b. Danvers, Mass.) He has 
taken two courses with Wilson Engineering Corporation, concrete engineering 
and design, and structural engineering. Has had three years as foreman and 
superintendent on building construction; two years as draftsman and designer; 
one and one-half years in the army in charge of construction; and two years 
with Edward A. Tucker Co., as draftsman, designer, inspector and is at pre- 
sent manager of the branch office. Refers to Wil. Cronin, Wi. Lox b.wA- 


Tucker and J. F. Wilber. 
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Foyer, CHARLES PEARSON, Boston 25, Mass. (Age 34, b. Liverpool, 
Eng.) Educated in the Boston English High School and Northeastern Uni- 
versity Y. M.C. A., evening school. In August, 1906 he entered the employ 
of the N. Y., N. H. & H. R. R. as rodman on railroad maintenance work; 
in December, same year, he entered the construction department engineer's 
office as instrumentman, and has been with this railroad ever since, with the 
exception of twelve months. Is now assistant engineer under A. S. Tuttle. 
Refers to L. G. Brackett, H. L. Ripley, A. S. Tuttle and B. T. Wheeler. 

FrencH, GRANT Keita, Lowell, Mass. (Age 25, b. Lowell, Mass.) 
Graduate of Lowell High School and Mass. Inst: Tech. During the summers 
of 1919, 20 and 21, he was assistant instructor at Tech. summer school, and 
during the academic years was an assistant instructor in civil engineering ac 
Tech. During this time he worked on various surveying jobs both in the 
office and field. Since June, 1915 he has been assistant on the engineering 
corps of the Chicago Terminal Division of the Penn. R. R., on surveying, esti- 
mating, drafting, checking computations, designing track layouts, etc. Refers 
to C. B. Breed, G. L. Hosmer, J. W. Howard, C. M. Spofford and C. H. 
Sutherland. 

MacArFrEE, JOHN, Cambridge, Mass. (Age 29, b. Woodstock, N. B.) 
Educated in the public schools and graduate of Tufts College. 1910-15 he 
was with the Canadian Pacific R. R. on maintenance and construction work; 
1916 with French & Hubbard, hydro-electric survey; 1917 with the British 
government; 1918 instrumentman and chief of party with Fay, Spofford & 
Thorndike, on Boston Quartermaster’s Terminal construction; 1919-1920 
assistant chief engineer on town layouts, mill, streets, dam, pumping station, 
etc., in Cuba 1921 with the J. G. White Management Corps, Central America; 
1922 with the N. Y., N. H. & H. R. R., construction department. Refers to 
H. F, Heald, H. F. MacWilliams, J. F. Wilber. 

NICKERSON, FREDERICK PRINCE, Needham, Mass. (Age 37, b. Center- 
ville, Mass.) Had two years in the High School, also studied in Y. M. C. A. 
evening school and. Correspondence School. He has had experience as chain- 
man on proposed electric railway survey from Sandwich to Hyannis; 1905-06 
chainman and rodman with Aspinwall & Lincoln; 1906-09 employed on the 
Penn. Tunnel & Terminal Co.; 1909-10 transitman on preliminary survey of 
electric railway from Detroit to Lansing; 1910-12 with N. Y., N. H.& H.R.R. 
as leveller and transitman; 1912-13 instrumentman on B. & M. R. R.; 1913-14 
engineer with T. Stuart & Son Co.; 1914-16 transitman with the B.& M.R. R. 
as transitman, resident engineer and assistant engineer on construction 
work. Refers to L. G. Brackett, F. C. Shepherd, A. S. Tuttle and B. T. 
Wheeler. 

Proctor, THomas Waite, Chestnut Hill, Mass. (Age 26, b. Boston, 
Mass.) Graduate of Dartmouth in 1918, and Mass. Inst. Tech. in 1921, 
(es E. Dept. August 1921 to May 1922 was chainman on the Main Central 
Railroad 7 May 1922 to December was transitman for H. K, Barrows, on dam 
construction at Salem, N. H., and pipe line survey at Gardiner, Mass. Refers 


to J. B. Babcock, H. K. Barrows, C. B. Breed, C. A. Moore, D. Porter and 
C. M. Spofford. 
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REYNOLDs, KENNETH Cass, Somerville, Mass. (Age 25, b. Somerville, 
Mass.) Graduate of Tufts College 1919 in civil engineering. Séptember 
1919 — October 1920, with Fay, Spofford & Thorndike as transitman, drafts- 
man and designer; October 1920 to October 1921 was assistant in bie Gabe 
department at Mass. Inst. Tech.; October 1921 to date instructor in civil 
engineering at Mass. Inst. Tech.; Refers to H. K. Barrows, E. Harsch, D. 
Porter, G. A. Sampson, H. F. Sawtelle and W. D. Trask. 

RIORDAN, TrmotHy P., Roxbury, Mass. (Age 27, b. Boston, Mass.) 
Graduate of Sherwin Cimmar School 1911, and spent the next two years 
in Killarney Seminary, Killarney, Ireland. 1914-1921 employed by the city 
_-of Boston as rodman (with the ioetios of eighteen months service in U. S. 
Marine Corps); 1921 to date transitman in the paving department, city of 
Boston. Refers to B. F. Bates, J. E. Carty, T. J. Haggerty, P. J. Malley, 
C. G. Norris and J. H. Sullivan. 


LIST OF MEMBERS. 


ADDITIONS. 
IXEMINGTON SW VEREET Ass. inosine coe eee 44 Dean St., Everett, Mass, 
RCE CAT PEL Heroes, wie ose v cece 104 Frederick Ave., Medford, Mass. 
FROWN, LEOWARD Lido 00 sis carers a's So.0t is 5 Tainter St., Medford 55, Mass. 
PURE EGS spice nots ke aie peed Oe tale IS pasar 12 Marie St., Dorchester, Mass. 
BURROUGHS. [OHNE tt. 25.5 2.500, 64s. dpsrn0 405 City Hall Annex, Boston, Mass. 
AO EHR UGe EA TRAM. FO. Siec/s 50.005. shit ods Sie, =< 523 Park St., Dorchester, Mass. 
PARR OP Late VARTA MON: 5 stan lo opajocefarae* ole /srsl ors 35 Bullard St., Dorchester, Mass. 
(SQrEING SAMSON ISS ccc es Gee sees ccs 23 Alaska St., Roxbury 19, Mass. 
PONNEELY, .WHEHLIAM Bt S05). ok 607 City Hall Annex, Boston, Mass. 
PAGE RAD. (LOMAS) | ict ates e sip aiots Save of ole aaekceone 69 Fort Ave., Boston, Mass. 
KARINE HOMER Y 2 Wess sere cnavas@ sitcare a 2 ee ove 27 Dean St., Bridgewater, Mass. 
HoisinctTon, EDWIN T.............. 89 Clement Ave., W. Roxbury, Mass. 
INGORE PRANK Eo sic5 ¢.ajole 0 ore «0.0 28 405 City Hall Annex, Boston, Mass. 
IVE GRRE AMIE Sime i csonte a iaictsrey one se Gs 405 City Hall Annex, Boston, Mass. 
Qi ARRELL WIV ICEAB IG Ly a s,.ulacas <9 +. 404 City Hall Annex, Boston, Mass. 
HCE DUNT ON ZO. Ey otee siege ai sl chap aos lands clan She Rm. 67, 70 Kilby St., Boston, Mass. 
ETE SE Gil oR GEA WYN Glenerestiohe asascsayalivins =): suai ees 404 City Hall Annex, Boston, Mass. 
STAFFORD, ROLAND G................321 North Station, Boston, Mass. 
SPEEA See AINE 5) Dee a his a lai esas ehape\ o's. 2 beers 22 Park St., Newton, Mass. 
SULELVAN AWW LULTAM Jisticn. sere < a's 15 Manthorne Rd., West Roxbury, Mass. 
Wirnics le AWRENCE: [acegcits alst «)6t¥e » 477 Highland Ave., Malden, Mass. 
WHITMAN, KILBORN, Jr...........+-- 109 Walnut Ave., Boston 19, Mass. 
DEATH 


TPIS na Pen Beek eae ee Re aR Ne aR ne Sera December 29, 1922, 
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LIBRARY NOTES. 


Book REVIEW. 


“Tap Younc MAN AND Civit ENGINEERING,’’ by Professor George 
Fillmore Swain, LL.D. The Macmillan Company, New York. 


REVIEWED BY GEORGE EDMOND RUSSELL.* 


This admirable book is one of a series of twelve books 
written, or to be written, by men of large knowledge and ex- 
perience for the purpose of aiding and guiding young men who 
are searching themselves and the vocations in order to choose 
a field of life endeavor which shall be best codrdinated with the 
tastes, qualities and personal characteristics which they find 
to be their own. 

The series, edited by E. Hershey Sneath, Ph.D., LL.D., 
Yale University, and written by eminent representatives of the 
different vocations, is as follows: 


1. The Young Man and the Law. 
Hon. Simeon E. Baldwin, LL.D. 
2. The Young Man and the Ministry. 
Rev. Charles R. Brown, D.D., LL.D. 
3. The Young Man and Teaching. 
Professor Henry Parks Wright, Ph.D., LL.D. 
4. The Young Man and Medicine. 
Lewellys F. Barker, M.D., LL.D. 
The Young Man and Journalism. 
Chester Sanders Lord, M.A., LL.D. 
6. The Young Man and Banking 
Hon. Frank A. Vanderlip, M.A., LL.D. 
The Young Man and Business. 
8. The Young Man and Mechanical Engineering. 
Lester P. Breckenridge, M.A., Eng.D. 
9. The Young Man and Electrical Engineering. 
Charles F. Scott, Sc.D., Eng.D. 
10. The Young Man and Civil Engineering. 
George F. Swain, LL.D. 


on 


~I 


* Professor of Hydraulics, Mass. Inst. of Tech. Cambridge, Mass. 
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11. The Young Man and Farming. 
bef hailey, M.S., LL D. 

12. The Young Man and Government Service. 
Hon. William Howard Taft, D.C.L., LL.D. 

The reviewer has not had the opportunity to read other 
books of the series, but if the ‘‘ Young Man and Civil Engineer- 
ing ’’ may be taken as indicative of the quality of the others, 
he unhesitatingly recommends the series to every young man of 
sober thought and earnest purpose. 

The book is of two hundred pages embodying the following 
contents. 

Chapter 
I. Historical Introduction. 
II. Branches of Civil Engineering. 
III. Qualifications Necessary or Desirable for the Civil 
Engineer. 
IV. The Education of the Civil Engineer. 
V. Characteristics of Civil Engineering as a Profession. 
VI. The Outlook for the Civil Engineer. 

VII. Concluding Suggestions. 

The reader will be impressed by the forceful treatment of 

the various subjects and the clarity and conciseness with which 
the author handles each detail. He will feel at once that here isa 
book by a man who knows his subject and knows how to put it 
before his reader in a manner that is both interesting and con- 
vincing. . 
The brief space allowed here for this review prevents the 
taking up of each chapter in detail. The first two chapters 
probably contain nothing which will be really new to the well 
read engineer, but the style in which the author introduces and 
develops his suibject makes these chapters not only of interest 
to the young man for whom they were written but also to the 
professional engineer no matter how far advanced. 

Chapter III discusses the necessary professional and per- 
sonal qualifications for the engineer — 

“Professional qualifications are those qualities or acquire- 


ments which affect mainly his knowledge, and which, therefore, 
supply the basis for his intelligent dealing with the problem to 


8* BOSTON SOCIETY OF CIVIL ENGINEERS. 


be solved. Personal qualifications are those qualities which fit 
him to apply his knowledge properly, economically, and ef- 
fectively, and so to accomplish the result which his professional 
knowledge and skill indicate to be desirable or necessary. The 
two kinds of qualifications do not always go together, yet their 
union is necessary for the highest success. An engineer may 
have great professional ability, yet on account of the lack of some 
personal quality, such as tact or promptness, may be a miserable 
failure in certain kinds of work.” 


Under desirable personal qualifications the author makes 
the following list: 


(1) Judgment, 

(2) Balance, 

(3) A Trained Mind, 
(4) Experience, 

(5) Initiative, 

(6) Good Health, 
(7) Knowledge. 


The position of knowledge at the end of the list momentarily 
raises a question in the reader’s mind but it is soon convincingly 
answered. 

In the ‘“ Education of the Engineer,’’ Chapter IV, the 
author is decidedly at his best. He shows the true value of a 
college education and its relation to the other factors which make 
for success. He emphasizes balance and breadth in the selection 
of studies to be followed, points out the ills of the elective system, 


and urges the student to avoid the narrowing influences of over- 
specialization. 


‘ Select courses that will call forth your most serious effort, 
not those that are easy for you. Do not aim for culture, what- 
ever you may understand that to mean, but for training. . . . 
Do not go too deeply with any one subject, but study the funda- 
mentals thoroughly. You cannot become a specialist or an 
expert in four years. If you try to become an expert in college, 
you will more likely turn out a sham or narrow bigot. If you 
aim for culture, you will be likely to turn out a conceited ass; 
if you aim for wisdom, you will be likely to turn out a pedant. 
If you work hard, take advantage of your opportunities, follow 


good advice, culture and wisdom will come of themselves in due 
time, if they are meant for you.”’ 
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The last chapter, “ Concluding Suggestions’ should be 
reprinted and put into the hands of every student in our technical 
schools. It is filled with good sound advice, honestly given out 
of the depth of a broad engineering and teaching experience. 
Written for the young beginner, it is a true guidepost on the road 
to success; read by the “ hardened sinner ”’ in professional old 
age it makes him almost unknowingly wish he might find the 
water for renewing youth and begin again his upward struggles 
toward success. 

The book should be studied in order to be appreciated. 
It should be in every civil engineering school and a wise employer 
would see that it came into the hands of all young men in his 
office. 


* RECENT ADDITIONS TO THE LIBRARY. 


U. S. Government Reports. 

Financial Statement of Cities of over 30 000 population in 
eS, 1921: 

National Research Council Bulletin. 

Statistics of Railways in United States 1920. 

United States Coast and Geodetic Survey, Report 1921. 


State Reports. 

New York. Report New York State Bridge and Tunnel 
Commission. 1922. 

Massachusetts. Annual Report Department of Public 
Health. 1921. 

Rhode Island. Public Utilities Commission Report. 1921. 


Municipal Reports. 
Boston, Mass. Annual Report City Planning Board. 1921. 
Woonsocket, R. I. Annual Report Board of Water Comis- 
sioners. 1921. 


Miscellaneous. 
Development of Scientific Rates for Electricity Supply. 


Edison Illuminating Co., Detroit. 
LIBRARY COMMITTEE. 
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PAPERS AND DISCUSSIONS 


This Society is not responsible for any statement made or opinion expressed in its publications 


METHODS OF DESIGN AND CONSTRUCTION AND 
RESULTS OF OPERATION OF SUBMERGED 
PIPE LINES FOR OUTFALL SEWERS. 


REPORT OF COMMITTEE. 


(Presented at a meeting of the Sanitary Section on March 1, 1922.) 


Your Committee has received much valuable information 
on this subject from various sources. The data include detailed 
descriptions of about forty outfalls, together with several plans, 
specifications and photographs which are on file at the library 
of the Boston Society of Civil Engineers. It is the purpose 
of the Committee to present only a summary of the salient facts 
which ‘the data disclose. 

LOcaTION. 


Submerged outfall sewers are used to dispose of sewage in 
those cases where large bodies of water offer the opportunity for 
disposal by dilution and oxidation. They are therefore found 
on the seacoast, Great Lakes and large rivers. The proper 
method for pre-treatment of the sewage before disposal by a 
submerged outfall, depends on the dilution afforded, the condi- 
tion of tides and currents, the character of the sewage, the prox- 
imity of bathing beaches and residences, and other local con- 
siderations. 

The treatment varies from none whatever, to Imhoff tanks 
followed by filtration. Ordinarily, when the outlet can be lo- 
cated at a depth of 30 ft. or more below low water, and the 
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direction of current is favorable, it is sufficient to remove or 
comminute the solids by subsidence, screening or otherwise. 
On the New Jersey coast, the clarification or so-called “‘ septic ”’ 
tank has been used with good results, and seems preferable to 
the Imhoff tank because of the greatly varying period of deten- 
tion between winter and summer use. 

A check valve is required on the outlet of the tanks affected 
by tides, to prevent the entrance of salt water. 

The governing condition of the design is to extend the out- 
fall to a point where the water is deep enough to effect a satis- 
factory degree of dispersion before the sewage reaches the sur- 
face, and to be beyond the destructive action of the waves and 
the danger from shifting sand. A depth of not less than 30 ft. 
is preferable. 

MATERIAL. 


Pipes of cast iron, wrought iron, the latter galvanized or 
plain, and riveted steel, are almost universally used, although 
some large reinforced concrete outfalls have been recently con- 
structed. A few wooden outfalls are reported, but they are short, 
and not typical of the kind that we are discussing, i.e., long sub- 
merged outfall that effects final disposal of sewage in deep water. 

The life of ordinary steel pipe in contact with salt water is 
probably too short to warrant its use in permanent outfalls. The 
life of plain wrought iron pipe is from 15 to 20 years, which may 
be somewhat prolonged by galvanizing, although there is some 
doubt as to whether the extra expense is warranted. Cast iron 
and reinforced concrete are the most durable. 


SIZES AND LENGTHS. 


Sizes of pipe ranging from 6 in. to 84 in. in diameter are 
reported, and lengths from 36 ft. to 10 000 ft. The size depends 
upon the quantity of sewage to be conveyed, and the velocity 
resulting either from gravity flow or pumping. A self-cleaning 
velocity should be maintained or some provision for flushing be 
installed. The length is governed by the profile of the bottom, 
the depth decided upon for the outlet, the proximity of beaches, 
and the volume of sewage as affecting dilution. 
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OUTLETS. 


The location of the outlet end is governed by four considera- 
tions — 
(a) Stability of the bottom, 
(6) Depth of water, 


(c) Distance from beach, 
(d) Prevailing currents. 


(a) Stability of the Bottom. It is imperative that the out- 
let end of the pipe should be carried far enough out so as to reach 
a point where the bottom is stable. This will be found where 
the water is comparatively deep, beyond the zone of disturbance 
occurring near the beach where the wave action is most violent. 
If the outlet is within this zone, it is liable to be destroyed or 
buried up in shifting sand. 

(b) Depth of Water. It is desirable that the discharge of 
sewage should take place in the deepest water practicable so as 
to cause quick dispersion and minimize the apparent nuisance. 

(c) Distance from Beach. The outlet should be carried out 
as far as necessary to prevent visible pollution reaching the 
beach, and if the latter is used for bathing, the outlet should be 
so far removed that the bacterial count of the beach water is 
not materially increased. 

(d) Prevailing Currents. The prevailing current should be 
ascertained by submerged and surface float experiments, and a 
point selected for the discharge where the current is off shore all 
or most of the time. 

Any one or more of these considerations may govern the 
location of the outlet, and therefore determine the length of the 
outfall. As an aid in studying these questions, soundings should 
be made over the areas considered as possible outfall locations, 
and a profile taken on the line of the proposed outfalls. 

The outlet end of the pipe is usually secured to an anchor 
of masonry or piles and crib work or some such suitable combina- 
tion, and turned up either vertically or at an angle of 45° from 
4 to 6 ft. above the bottom. Sometimes the discharge is hori- 
zontal through one or more outlets. A cast iron anchor block 
secured to the masonry is desirable to hold this bend. If a con- 


= BOSTON SOCIETY OF CIVIL ENGINEERS. 


crete anchor block is used, the concrete should be thoroughly 
mixed in the proportions of one quick-setting, natural, hydraulic 
cement, to six fine and coarse aggregate, combined to give a 
dense mixture, and carefully placed by means of a water- tight 
funnel extending down to the fresh concrete. 

In the great majority of cases, the pipe is carried full size 
to the end, and the discharge all takes place at this one opening, 
but in some cases, particularly when the water is shallower than 
is desirable, there are top openings provided near the end, and 
the bore of the pipe is correspondingly reduced for the obvious 
purpose of getting wider dispersion, and to maintain a self-clean- 
ing velocity. In a few cases, the outfall pipe is divided at the 
outlet end into a4 number of smaller pipes for the same reason. 


PREPARATION OF THE BOTTOM. 


Only in the cases of the larger pipes is there usually any 
preparation of the bottom to receive the pipe. In the case of 
the large, 84-in., C.I. pipe of the Metropolitan Sewerage System 
at Nut Island, a trench was dredged, and pile bents driven to 
support the pipes. The pipes were laid in this trench, and the 
jointing done by divers. In the case of the smaller pipes, however 
no digging is required except through the crest of the beach and 
down to low water, and in special cases where there is danger of 
injury from boats’ anchors or otherwise when the pipe is laid 
in a trench or protected by riprap. 

When a submerged outfall extends beyond a pier head, 
which is usually advisable, to a distance of at least 50 ft., it should 
be laid without obstructing either the actual or legal channel 
or waterway, and so as to avoid injury by dredging operations 
or anchoring. 


JOINTs. 


If cast iron pipe is used, the joints should be made with lead, 
and every third joint should be ball and socket, both for the 
smaller sizes to prevent breakage in launching as described below, 
and for the larger sizes which are laid in place by sections in 
order to conform to the contour of the bottom. 

‘ If wrought iron or steel pipe is used, the joints are usually 
screw joints, sometimes covered with lead-filled sleeves several 
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feet long. This is good practice on the joints between high and 
low water where there is most liability to injury from the pound- 
ing of the breakers. It is also good practice to introduce a tele- 
scoping joint near low-water mark, which may be provided in 
connection with one of the sleeve-covered joints. 

Some difficulty has been encountered where wrought iron 
and steel pipes are laid on pile bents, by the pipe rubbing against 
the bents until holes occur, for which reason this method of secur- 
ing the pipe is questionable. In any case, where pile bents 
are necessary, or a timber crib work is used at the outlet, all 
bolts should be galvanized, and all washers cast iron. 


LAUNCHING. 


The pipe, including the cast iron outlet block, is usually 
assembled on shore on the prolongation of the line upon which 
it is desired to deposit it in the water. Temporary ship’s anchors 
are fixed in the bottom on the same line and at a considerable 
distance beyond, i.e. to seaward of the point where the outlet 
end is to be permanently anchored. A large sheave is attached 
to this temporary anchor, and a cable reeved through it, one end 
of the cable being attached to the outlet end of the pipe, and the 
other end to a large winch on shore. The pipe is supported on 
rollers or trucks, and is pulled out into position by the winch. 

With wrought iron pipe it is necessary to provide ballast to 
prevent excessive buoyancy and injury by waves, which is accom- 
plished by running wrought iron pipe inside and filling the latter 
with water. 

With cast iron pipe, some means of buoyancy has been found 
advantageous. Two methods have been used to support the 
pipe in the passage from the beach to the permanent anchor 
point — one by slinging it from pairs of boats, and the other by 
supporting it on low trucks with thick wooden wheels, with de- 
vices for releasing the trucks when the pipe has arrived in its 
permanent position. In order to prevent fouling, it has been 
found useful to buoy the return cable from the sheave attached 
to the temporary anchors to the winch with oil barrels. The 
casting holding the raised outlet end of the pipe is deposited upon 
the permanent anchorage and secured thereto by divers. 
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Cost. 


| The difficulty of presenting any definite figures as a guide 
in estimating the cost of submerged outfalls will readily be appre- 
ciated. Some of the factors influencing the unit cost of any out- 
fall are the kind of pipe determined upon, length of submerged 
line, depth of outlet below mean low water, velocity of tide or 
stream, character of the bottom, atmospheric conditions at time 
of construction, method available for laying the pipe, and special 
provisions necessary to conform to sanitary regulations, etc. 
From our study of existing outfalls, we have, however, deduced 
certain costs which are given in the following table and may be 
considered to represent average pre-war conditions. Under 
extreme circumstances, the costs were in a few instances 100 per 
cent. in excess of and 50 per cent. less than those below. 


Size of Price per Foot 
Outfall. Including Outlet. 
Sins See eee $5.00 
1A D1 Ste EN Sr sy Gi O25 
1G Ine ae ee ee 7.50 
PZ: Nh 0 WINE eS yt 10.25 
S Ovitl cache chemena tacos Eat nCe ees 14.75 
ASinds Stipa eee 20.00 
60 Intern. 6 Rae oe 26.00 
(2:30. 5ooht ane 32.50 
SA INS coh eae aaa 39.50 
OPERATION. 


These submerged outfalls are reported, with very few excep- 
tions, to have given satisfaction. Several instances are recorded 
where it is difficult to locate the outlet from any surface indica- 
tion; others where the surface is discolored with a scum over 
but a small area immediately above the outlet; and some, how- 
ever, where the discoloration extends for several hundred feet, 
although not objectionable. Such troubles as have been experi- 
enced, have arisen from two sources: — 

(1) Displacement or burying of the outlet due to its not 
having been carried out far enough to reach a stable bottom in 
comparatively still water, and beyond the region of shifting sands. 


ois eed 
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(2) Displacement and breakage of the pipe on the beach, 
due to the pounding of the waves and cutting away of the sand, 
leaving the pipe unsupported: 

The remedy in the first case is obvious. The best remedy 
which seems to have been found for the second case is to enclose 
the exposed joints in long sleeves in some cases 12 ft. in length. 
These sleeves are made of iron or steel pipe split and flanged 
longitudinally and are packed with lead. One such protected 
joint should be made to telescope to provide for longitudinal 
expansion and contraction. The pipe should be buried above 
low water, and protected so that it will not be undermined by 
wave action, and should be laid with gentle changes of grade. 
The manhole at the shore end of the outfall should be sufficiently 
removed from the beach to be. safe against storms. Careful 
inspections should be made of outfalls for deposits, leaks, damage 
by storms and other adverse conditions for satisfactory operation, 
and the trouble corrected at once. 

If attention is paid to the points discussed above, and the 
proper precautions taken, there would seem to be no reason why 
an engineer should hesitate to install a submerged outfall sewer 
when this method of sewage disposal will satisfy the sanitary 
requirements of the case. 


Respectfully submitted, 


HrraM A. MILLER, Chairman. 
EpGAR S. DoRR 
GEORGE A. SAMPSON. 
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IN sewer design as in other branches of engineering, changes 
and improvements are continually being made, and what may 
have been considered good practice a few years ago may possibly 
in some respects be so no longer. Sewer design is by no means 
a mechanical process by which the engineer has only to use 
accepted formulas and grind out the results. Many articles 
upon this subject have been published and committees of engineer- 
ing societies have collected and studied data on run-off and rain- 
fall, but definite conclusions, reliable formulas, or methods which 
would make of sewer design a routine process have apparently 
not been derived. The reports of run-off committees show that 
there is a lack of reliable data and a need that engineers and 
public officials cojperate to improve and enlarge upon such as 
are available A collection of some of the best data on run-off 
in sewers is contained in the Report of the Run-off Committee 
of the Boston Society of Civil Engineers.t In general each engi- 
neer has his own method of sewer design, based onhis own experi- 
ence and judgment. The methods described below, therefore, 
represent the process as used by a comparatively limited number. 

Before proceeding to the details of design it may be helpful 
to give definitions of some of the more common terms used in 


* With Metcalf & Eddy, Consulting Engineers, 14 Beacon Street, Boston, Mass. 
+ JouRNAL Boston Society OF CIviIL ENGINEERS, Vol. 1, 1914, p. 291. 
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practice. These were recommended by the C ommittee on Sew- 
erage and Sewage Disposal of the American Public Health Asso- 
ciation, in order to avoid the confusion caused by calling different 
things by the same name, or the same thing by different names. 

i. ‘ Sewage is a combination of the liquid wastes conducted 
away from residences, business buildings and institutions, to- 
gether with those from industrial establishments; and with 
such ground, surface and storm water as may be present. 

2. “Domestic sewage is that from residences, business 
buildings or institutions. 

3. “ Industrial wastes are the liquid wastes resulting from 
the processes employed in industrial establishments. 

4. “Surface water is that portion of the precipitation which 
1uns off over the surface of the ground. 

5. ‘ Storm water is that portion of the precipitation which 
runs off over the surface during a storm and for such a short 
period following a storm as the flow exceeds the normal or or- 
dinary run-off. 

6. “ A separate sewer is a sewer intended to receive domestic 
sewage and industrial wastes without admixture of surface or 
storm water. 

7. “A combined sewer is a sewer intended to receive domestic 
sewage, industrial wastes and surface and storm water. 

8. ‘““A drain is a conduit, for carrying off storm water, 
surface water, subsoil or ground water, (domestic sewage and 
industrial wastes being excluded). 

8a. ‘A storm drain is a conduit for carrying off surface 
water and storm water. 

A lateral sewer or drain is one which does not receive sewage, 
surface or storm water from another sewer or drain. 

A sub-main or branch sewer or drain is one which receives 
the flow from two or more laterals. 


A main or trunk sewer or drain is one which receives the 
flow from two or more sub-mains. 

9. “An intercepting sewer is a sewer generally laid trans- 
versely to the general sewer system to intercept all the sewage 
collected by the sewers of a separate system or the dry weather 
flow of sewage and such additional surface and storm water 
as may be determined from a combined system. 
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10. “A relief sewer (or drain) is a sewer designed to carry 
a portion of the flow from a district already provided with sewers 
(or drains) of insufficient capacity, and thus prevent overtaxing 
the latter. 7 

11. “ An outfall sewer is a sewer extending from the lower 
end of the collecting system to a point of final discharge into a 
body of water, or to a sewage treatment plant.”’ 

Combined versus Separate System. One of the first decisions 
which the designer is called upon to make is whether the com- 
bined or the separate system is best suited to the needs of the 
district. The main factors controlling this decision are — 


1. Conditions at and below the point of discharge, 
2. Means of disposal of storm water, 

3. Cost of construction, 

4. Operation difficulties. 


Where the sewage or a small proportion of it can be dis- 
charged into a stream or other body of water, without danger 
to water or ice supplies and without probability of causing other 
objectionable conditions, the combined system may be chosen. 
Where such in not the case but streams, which may receive storm 
water alone, are located near the area to be served, the separate 
system will probably prove best. 

The cost of a combined system is usually less than that of 
a separate system, because with the former but one conduit is 
required in each street instead of two with the latter system. 
Nevertheless, the separate system will sometimes prove the 
cheaper, particularly for a district containing small brooks or 
bodies of water, which may receive the flow from drains, provided 
domestic sewage and industrial wastes are rigidly excluded. Also 
small communities may require disposal of the domestic sewage 
and industrial wastes to some distant point yet they may not be 
able to finance the cost of sewers of sufficient size to care for 
the storm water, in which case the separate system may be 
chosen — conduits for sewage alone being installed, the storm 
water being permitted to run away through the gutters to natural 
channels. It oftenv happens, however, that due to lack of proper 
inspection while making building connections, or due to lack 
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of support from higher city officials, the regulations regarding 
such connections cannot be enforced, and sewage is admitted 
to drains and storm water to separate sewers, resulting in pollu- 
tion of the brooks and overtaxing of the separate sewers. This 
in effect defeats the purpose of the separate system and we have 
the brooks practically converted into combined sewers. Ltus 
apparent that the combined system is the simpler and more 
satisfactorily administered than the system of separate sewers 
and storm drains. 

Quantity of Sewage. The quantity of sewage depends upon 
the amount of municipal water consumption, the consumption 
from independent water supplies, the population, the character 
and number of industries and the quantity of ground water 
likely to reach the sewer. 

The municipal water consumption is commonly expressed 
in gallons per capita daily. This may vary from below 50 to 
higher than 150 gal. per capita per day, depending upon the 
number of services metered, the type of residences and whether 
there are large industrial users of water. The tendency during 
the past few decades has been toward a gradually increasing 
rate of consumption. The consumption varies widely through- 
out the day. Whereas the consumption may average 100 gal. 
per capita per day it may reach a ntaximum of 150 at noon and 
in the early morning hours it may drop as low as 75. In sewer 
design it is the maximum momentary or “ peak ’’ rate which 
must be provided for, excluding such exceedingly excessive rates 
as may be required for fires or street flushing. Thus if it is found 
that the average daily consumption is 100 gal. per capita per day, 
it may be prudent to allow for 200 gal. per capita per day in 
computing the required capacity of sewer, in order to allow for 
the tendency for a higher rate of consumption and for the fluc- 
tuations during the day. 

The density of population which varies widely in different 
parts of a city may materially affect the quantity of sewage per 
unit area for which provision must be made. For example, in 
residential districts of single detached houses, completely built 
up, the density may be 30 to 50 persons per acre, yet there may 
be small areas containing schools or tenement blocks or apart- 
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ment houses where the population may exceed 100 persons per 
acre. Generally the larger the area, however, the lower the 
average density of population. Studies of variations in density 
have shown that in some cities it varies approximately as a 
straight line on logarithmic paper. Thus it may be found that 
on ten acres there are 100 persons per acre and on 500 acres the 
average is 36 persons per acre, and on 1 000 acres the average 
may be only 30 persons per acre. As it is impossible to foresee 
where small areas of high density may develop, it may be good 
judgment to provide for a higher density of population in design- 
ing the lateral sewers than in designing the sub-mains, and a 
higher density in’ sub-main design than in that of the main or 
trunk sewers. 

The volume of industrial wastes depends upon the character 
and magnitude of the industries. For entire cities it has been 
estimated to vary from a negligible amount to as high as 80 gal. 
per capita per day, and for small areas it may amount to several 
hundred gallons per capita per day. In determining the allowance 
to be made in sewer design a forecast is necessary of the class of 
industries which may be expected, and studies and measurements 
of the wastes from similar existing industries should be made. 
In a district of varied industries an allowance of 10 000 gal. per 
acre per day for industrial wastes, will probably prove sufficient. 
Where tanneries, stockyards, packing houses, laundries, canning 
factories and similar industries are to be expected, special study 
should be made. 

Mercantile or commercial districts yield more sewage per 
unit of area than residential or industrial districts, primarily 
because of the concentration during the business portion of the 
day, of many persons in office buildings, stores, etc. Gagings of 
the flow from such districts have shown rates in excess of 100 000 
gal. per acre per day. 

While it is often the aim of the sewer builder to construct 
sewers which will not admit large amounts of ground water, it is 
almost impossible to prevent some intrusion of such water, 
especially through connections, and allowance for this must be 
made in computing the capacity of separate sewers. The amount 
of ground water entering a sewer will depend upon the length 
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and possibly the size of the sewer, the number of connections, 
the character of the surface and soil formations, and upon the 
quality of workmanship secured in construction. It may vary 
from a negligible amount to as high as 40 000 gal. or more per 
day per mile of sewer. There have been measurements which in- 
dicated that the infiltration of ground water exceeded 100 000 gal. 
per day per mile of sewer. In general for sewers of modern con- 
struction 50 000 gal. per day per mile of sewer may be considered 
an ample allowance, although conditions may indicate that a 
larger or smaller allowance is desirable for portions of a system. 

Design of Separate Sewers. Before the design can be devel- 
oped the basic data must be determined along the lines indicated 
above. 

In the design of a system of separate sewers a topographic 
map is desirable of a scale of 100 or 200 ft. to the in., showing 
contours, brooks, rivers, ponds and streets. The contours should 
be sufficiently close to allow the designer to plot profiles of 
streets with reasonable accuracy, i. e., where the surface slope 
is 6 per cent. or less the map should show contours at 2 ft. inter- 
vals; where the surface slope is much greater than this, 5 ft. 
intervals will usually suffice. Summits in streets should be 
marked and the elevations given to tenths of a foot, as should 
also points of depression or ‘‘ pockets.” 

_ Having determined the basic data to be used in the design, 
much labor can be saved by constructing curves showing the 
maximum quantity of sewage for a given area. It is also advan- 
tageous and advisable to arrange the computations in tabular 
form, as indicated on page 51, “Sewerage and Sewage Disposal.’’* 
Where practicable the minimum velocity when flowing full or 
half full, should he 2.5 ft. or more per second. If the velocity 
is much lower than this, deposits may form, requiring periodic 
cleaning of the sewers. 

For computing the capacity of sewers the Kutter formula 
is that most widely used. The minimum size should be not less 
than 6 in. and preferably 8 in. in diameter. In order to reach 
a rational solution the following steps are required — 


* Be Page ; 
nee. va eee by Leonard Metcalf and Harrison P. Eddy. McGraw-Hill Book bho 
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1. Draw lines on the topographic map to represent the 
sewer in each street. 

2. Locate the manholes. 

3. Sketch the limits of drainage areas, for each lateral 
sewer. 

4. Measure the drainage areas. 

5. Plot a profile of the line which is to serve the lowest point 
or the controlling line as to elevation. 

6. Prepare a table of computations. 


Table 1 gives the computation for the design of the main 
sewer for a residential district which is to receive in addition 
the wastes from two small industrial districts. 

Design of Combined Sewers or Drains. In the combined 
system the rate of discharge of domestic sewage and industrial 
wastes is so small compared to the rate of run-off of storm water 
(usually being less than the error in estimating storm water) 
that the former is neglected and the sizes are determined from the 
estimate of storm flow alone. 

When precipitation occurs some of the water evaporates, 
some of it percolates into the ground becoming ground water, 
another portion is held back by vegetation, some is required to 
fill depressions in the surface, and the remainder runs off. It 
is the last portion for which provision must be made in combined 
sewers or drains. The portion of the whole precipitation which 
runs off during a storm depends upon — 


1. The character of the surface — whether pervious or 
impervious, and whether or not it is frozen. 

By ‘impervious’ is meant surfaces covered with roofs 
or pavements. 

‘“‘Pervious”’ surfaces are those covered with lawns or gardens. 

2. The roughness of the surface. 

With smooth surfaces there are fewer depressions to be 
filled before run-off begins. 

3. The steepness of the surface slope. * 

On steep slopes the run-off concentrates into streams quicker 
than on flat slopes and is therefore retarded less also, in general, 
depressions and surface irregularities have less capacity for storage 
on steep slopes than on flat slopes. ; 

4. The character of the so-called pervious portions, 1.e. 
whether of a clayey or sandy nature. 

5. The rate or intensity of precipitation. 
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ance was } in. per hour. Sewers designed and constructed on 
this basis were frequently subjected to overloading and it gradu- 
ally became recognized that in the United States provision for 
higher rates must be made. Subsequently many attempts were 
made to devise a formula for computing the rate of run-off. 
These were usually expressed in the general form of 


ete te re 
0=AC oe 
where 


A is the area expressed in acres. 

C is a coefficient usually expressed as a decimal. 

7 is the intensity or rate of rainfall, in in. per hour. 
S is the surface slope in ft. per 1 000 ft. and 

Q is the run-off in cu. ft. per second. 


Some of these formulas have been widely used — for in- 


stances the Burkli-Ziegler, which is O24G ./° and the 


McMath, which is Q=ACi vo: When these formulas were 


derived little data were available concerning the intensity of 
rainfall. Beginning about the year 1897, however, the U. S. 
Weather Bureau has established automatic recording rain gages 
in the principal cities of the country, and in recent years the 
number has been greatly increased. One of the longest automa- 
tic records is that of the Central Park gage, in New York City 
which covers a period of over fifty years. The rain gage at 
Chestnut Hill has been in use for about forty-five years. There 
are now available considerable data for single stations, and 
engineers have become more and more impressed with the import- 
ance of rainfall intensity and its relation to the rate of run-off. 
During recent years the empirical formulas have been less 
used and have been to a large extent supplanted by the so-called 
Rational Method. This method is expressed by the general 


formula Q=CiA, where 


Q the run-off in cu. ft. per second. 

the coefficient of run-off. 

the drainage area in acres, and 

the intensity of rainfall in in. per hour. 


SSG) 
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Analysis of rainfall records shown that the intensity of 
precipitation is a function of the duration of the downpour. 


of 2048 : ae b 
For Boston the formula =a represents intensities to be 


expected on the average once in 15 years, and this is called 
the “‘ fifteen year frequency curve.” In this formula 7 is the 
intensity in in. per hour and ¢ is the duration in minutes. 


aot Myral es : 
The New York fifteen-year curve is t= 7 a7l and gives values 
from 20 to 50 per cent. higher than the Boston curve. 


Most of the intense rains occur during storms of the so-called 
thunderstorm type, in which the highest rates usually come at 
or near the beginning of the storm, and this fact is recognized 
and allowed for in the Rational Method. The use of this method 
requires the determination of the following basic data — 


1. The rainfall frequency curve for which provision should 
be made. 

2. The probable future condition of the drainage area, i.e. . 
the percentage of impervious surface which may be expected 
when the district shall have been developed to the extent assumed. 

3. The run-off coefficient, i.e., the proportion of the rainfall 
which will run off over the surface of the ground. 

4. The probable time required for water to flow over the 
surface of the ground to the first inlet, called the ‘‘ inlet time ”’ 
or “‘ time of entrance.” 

5. The area tributary to the sewer at the point at which 
the size is to be determined. 

6. The time required for water to flow in the sewer from 
the first inlet to the point in question, which added to the inlet 
time, or time of entrance, gives the time of concentration. 

7. The application of the proper run-off coefficient to the 
rainfall curve for the time of concentration, from which the rate 
of run-off per unit of area may be computed. 


In determining the rainfall frequency curve for which pro- 
vision should be made consideration must be given to the finan- 
cial condition of the city and to the amount of inconvenience 


* See JOURNAL Boston Society Crvit ENGINEERS Vol. 7, 1920 p. 47 Maximum Rates 
of Precipitation at Boston for Various Frequencies of Occurence, by Harrison P. Eddy. 
+ See Trans. Soc. Mun. Eng. of N. Vi Otae 
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“and damage which would result from flooding. Most rainfall 
records covering a period of twenty years or more contain one 
or two storms of such severe intensity that they might be classed 
by the courts as ‘“‘ Acts of God.” The expense of providing for 
such storms is prohibitive in some communities. Hence it may 
be considered wise to provide only for storms likely to be expected 
on the average once in 5, 10, or 15 years. In districts which 
do not contain real estate of high value or valuable merchandise 
subject to damage, and where little inconvenience would be ex- 
perienced from occasional flooding, it will probably be wise to 
provide for only a 5-year or perhaps even for only a 2-year fre- 
quency rainfall. 

The probable future condition of the drainage area may ‘be 
predicted from its location and topography (i. e. whether suited 
to residential, industrial or commercial uses) and from the char- 
acter of existing developments. Where zoning laws are in 
effect the character will be controlled to some extent and the 
future condition can be fairly closely foreseen. Residential 
districts of lots say 50 ft. by 100 ft., with single houses, may 
have from 40 to 50 per cent. of impervious surface. With larger 
lots the percentage will be lower. Commercial and industrial 
areas may develop to as high as 80 or 90 per cent. of impervious 
surface, although in the case of railroad yards the percentage 
is usually very low. Parks and cemeteries may be considered 
as having from 10 to 15 per cent. imperviousness. ; 

From the percentage of impervious surface the run-off 
coefficient may be estimated. A recent modification in the 
method of determining the run-off coefficient is the so-called 
“zone principle of run-off,’ the basic assumptions of. which are 
as follows: 


1. That the most intense rates of rainfall occur at the begin- 
ning of a storm and are of short duration. rae 

2. That the surface is substantially dry at the beginning of 
the rain. 

3. That as the rainfall continues the proportion of the pre- 
cipitation which runs off gradually increases. 

4. That the maximum run-off occurs when the entire trib- 
utary area is contributing water to the point in question. 
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5. That the rate of rainfall is uniform over the entire drain- 
age area. ; 

6. That the rate of rainfall is uniform from the beginning 
of the storm and for a duration equal to the time of concen- 
tration. 


The fifth assumption is believed by some to be too stringent, 
and excellent data in support of this belief were presented by 
Mr. Frank A. Marston in an address before the Sanitary Section 
of the Boston Society of Civil Engineéis, October 5, 1921. The 
data as yet, however, are not sufficient to warrant a decision as 
to the proper coefficient which should be applied, and it is hoped 
that such studies will be carried further and more data collected 
with the aid of a greater number of rain gages than are now in- 
stalled, and with closer codperation. 

The first two assumptions —i. e. that the most intense 
rates occur at the beginning of the storm, and that the surface is 
substantially dry at the beginning, while not true for all storms 
are practically so for the majority of storms of great intensity. 

The assumption that the rate of run-off increases with the 
duration of the downpour is obviously true, for the following 
reasons — 

Nearly all surfaces absorb some moisture, and before run- 
off can begin they must become wet. - This means that some water 
is actually stored on all surfaces — perhaps an amount varying 
from 0.01 to 0.02 of an in. or more in depth. Practically all 
surfaces also contain depressions in which the first surplus water 
unabsorbed collects. Some depth of water likewise is required 
in gutters, in the joints between units of pavements, and in the 
sewers themselves, before any appreciable velocity of flow is 
realized. Evaporation is constantly taking place even during 
the progress of a rain, and on pervious or semi-pervious surfaces 
water is percolating into the subsoil. As the rain continues the 
depressions become filled and a less proportion is thus retained. 
in storage; also, as the surfaces become saturated less water is 
absorbed. This is true not only of pervious but also of impervious 
surfaces, but the higher the degree of perviousness the longer 
the time required for saturation, and some soils such as coarse 
sand overlying other coarse soil, will absorb water about as fast 


SOME FEATURES OF SEWER DESIGN. 21 


as it falls, even in very intense storms. The amount of water 
reguired to fill gutters and sewers, while actually running off 
is in effect in temporary storage. Data regarding the rate or 
_increase of run-off, is rather meager. Some measurements have 
been made in St. Louis, under the direction of Mr. W. W. Horner, 
Chief Engineer of the Division of Sewers and Paving, who has 
suggested the following coefficients: 


For PERVIOUS SURFACES. 
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For IMPERVIOUS SURFACES. 
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Consider now a hypothetical drainage area (Fig. 1) which 
has the shape of a sector of a circle, with the point of concentra- 
tion at the center of the circle. Assume that the direction of 
flow is radial and that the velocity is uniform over the entire 
district. Consider the district as divided into zones of equal 
width. Let V=the velocity in some unit per minute, and c 
the angle of the sector. Assume that each zone is of such width 
that it requires 5 min. for water to flow across the zone. Then 
the areas of the zones starting with the one at the center, will 
have the following ratios to each other — 25 : 75 : 125 : 175 : 
225 : 275 : 325, etc. The area shown is assumed to have a 
time of concentration of 45 min. Consider now the flow at the 
center, for different intervals of time after the beginning of the 
rain. At the end of 5 min. the run-off from the first zone only 
will have reached the point of concentration, but the run-off 
from each of the other zones will have reached the outer edge 
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of the zone next nearest the point of concentration. At the end 
of 10 min. water which fell on the first and second zones will 
be flowing at the center, but that portion coming from the first 
zone will be at a higher rate per unit of area than that from the 
second zone, as at the end of 10 min. the water which has reached 


A= Area of Zone. 
V = Velocity - Feet per Minute. 
a» Angle of Sector - Degrees. 
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Fic. 1.— HypoTHeticaL DRAINAGE .DIstRicT ILLUSTRATING THE ZONE 
PRINCIPLE OF RUN-OFF. 


the center from the first zone fell after the first 5 min. of the rain, 
whereas that coming from the second zone fell during the first 
5 min. Consider that the storm lasts 45 min., then the flow 
at the center will be made up of run-off from rain which fell dur- 
ing different portions of the storm. That portion coming from 
the first zone is the run-off from rain which fell after 40 min., 
that from the second zone from rain which fell after 35 min., 
that from the third zone from rain which fell after 30 min., and 
so on, so that that portion coming from the farthest zone is the 
run-off coming from rain which fell during the first 5 min. of the 
storm. By combining the proportional area of each zone with 
its proper run-off coefficient we are able to determine the mean 
coefficient for the entire area. The computations and results 
for pervious surfaces are shown in Table 2 and for impervious 
surfaces are shown in Table 3. The mean coefficient for a 
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sector for a given period of concentration, is shown in the 
bottom line of the tables. By combining the proper coefficients 
with the different proportions of pervious and impervious surfaces 
the coefficient for any degree of required imperviousness may 
be found. These are shown in Table 4. As in practice it seldom 
happens that areas are sector-shaped, but are more nearly rect- 
angular, and as rectangular shaped areas have slightly higher 
run-off coefficients than sector-shaped areas, the coefficients 
as computed have been increased 10 per cent. On Fig. 2 are 
shown the 15-year rainfall curve for Louisville, Kentucky, and 
run-off curves—or Ci curves—for different percentages of 
impervious surfaces for rectangular-shaped areas. -From these 
curves the run-off in inches per hour, or approximately in cubic 
feet per second per acre can be read directly for any given time 
of concentration. These are the Values of Ci which are to be 
used in the formula Q=CiA. 

The inlet time, or time of entrance, depends upon the sur- 
face slope and the percentage of impervious surface, and is 
commonly taken at from 10 to 20 min., the shorter time being 
used for commercial districts. 

The time required for water to flow in the sewers is simply 
a matter of computation and is found by dividing the length by 
the velocity. The time of concentration is the inlet time plus 
the time of flow in the sewers. 

A pplication of Rational Method. For designing a system of 
combined sewers or drains a map similar to that required for 
separate sewer design is needed. The procedure is to lay out 
the system as in separate sewer design, locating manholes and 
sketching the limits of drainage areas, and measuring them. With 
this problem the district must be subdivided much smaller than 
in the previous problem, as a small pipe will accomodate a much 
smaller area. In general, the drainage area must be deter- 
mined at each manhole. 

Start at the upper end of the longest line and plot a profile 
of the ground surface, following down through the lateral, sub- 
mains and trunks to the point of discharge. Scales of 100 ft. 
to the in. horizontal, and 10 ft. vertical, will be sufficiently close 
for preliminary designs.. For the first stretch look up the Ci 
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curves and read the run-off for the duration corresponding to the 
time of entrance and the percentage of impervious surface. The 
value found, multiplied by the area, will give the rate of run-off 
in cu. ft. per second, for which the sewer must provide. Next 
approximate the slope of the sewer by inspection of the profile; 
then find the proper size, from diagrams of the capacity of con- 
duits, noting the velocity. Next divide the length to the next 
manhole below, by the velocity, and this will give the time of 
flow in the sewer, which should be added to the inlet time to give 
the time of concentration for designing the next stretch of sewer. 
Proceed on down the line, determining the required size of each 
stretch separately. 

It is practically essential that computations of design by the 
Rational Method be made in tabular form similar to that shown 
in Table 5. 

The controlling conditions in problems of sewer design will 
be different for each locality. The wide variations among the 
data of run-off and sewage flow indicate the need for special 
study for individual cases and the proper application of such 
data in determining the basic assumption for design must be 
predicated upon experience and judgment always taking into 
consideration all of the local conditions. 
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FOUNDATIONS FOR THE NEW FIRST NATIONAL BANK 
OF BOSTON. 


By Howarp K. ALDEN.* 


(Presented before the Designers’ Section, October 11, 1922.) 


THE new bank and office building which Stone & Webster 
are constructing for The First National Bank of Boston is being 
designed by York & Sawyer, Architects, of New York City, 
who have retained Mr. H. G. Balcom, also of New York City, 
as their structural engineer. 

The building is shaped like a blunt wedge, 107 ft. to 160 ft. 
wide, 260 ft. long and 125 ft. high. There will be ten stories 
above the street and two below. The bank will occupy the 
two basements, the ground floor, and four floors directly above. 
The five upper stories will be rented for office use. 

The lowest basement floor varies in depth from 33 ft. to 
49 ft. below the curb. This is the deepest basement of any size 
that has been constructed in Boston, and the foundations which 
are of necessity deeper still, present many interesting problems. 

During 1920, before wrecking operations were started, soil 
borings were made under the Equitable Building to determine 
the nature of the material that would be encountered in the 
foundation work. These borings (Fig. 1) were carried down 
through the clay by means of a soil augur with an extension pipe 
handle. The augur was operated inside of a 2-in. steel pipe 


* Construction Engineer, Stone and Webster, Boston, Mass. 
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driven into the ground as the boring progressed. No water what- 
ever was used in making these borings, and no difficulty was 
experienced in bringing up samples of the soil until the over- 
burden of clay had been penetrated and the point of the augur 
entered sand. From this point down to a hard stratum of boulder 
clay samples were obtained by driving a length of 1-in. pipe ahead 
of the casing and pulling this up when it was full of new material. 

The borings taken showed uniform material overlying 
the boulder clay which occurred at approximately grade—35 
or about 55 ft. below the sidewalk surrounding the property. 

The boulder clay encountered at this grade resisted further 
driving of the boring pipe almost as effectively as ledge rock, and 
was within such a reasonable distance of the bank's lower base- 
ment that it seemed wise to carry the foundations for so im- 
portant a building to this stratum. 

All borings showed a layer of fine sand from 5 ft. to 11 ft. 
in thickness a short distance above the boulder clay, but there 
were no indications in the borings that any excessive amount of. 
water existed in this sand and for this reason no difficulty was 
anticipated in establishing concrete foundations on hard material. 


UNDERPINNING MASSACHUSETTS TRUST BUILDING. 


On account of some uncertainty in the dates for terminating 
the tenants’ leases in the old John Hancock Building, it was 
deemed advisable to start underpinning the party wall between 
the Massachusetts Trust Building and the new bank before 
the wrecking of the old John Hancock Building could be com- 
menced, so that a good portion of this underpinning work might 
be finished ahead of the general excavation and foundations for 
the main building. 

Two methods were considered for this work; one for driving 
pre-cast piles under the party wall and capping them with a con- 
tinuous concrete girder directly underneath the existing grillage. 
The other proposal contemplated constructing independent 
piers, or caissons, forming practically a solid concrete wall resting 
on boulder clay from Federal Street to Devonshire Street. 

Col. Charles R. Gow was present at several conferences in 


which the merits of the two methods were discussed, and furnished 
many helpful suggestions. 
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The contract for this underpinning work was awarded to 
the Chas. R. Gow Co., and the preliminary work of excavating 
for this underpinning was started during May. 
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Fic. 1. — Test Bortncs — LocATION DIAGRAM AND SECTIONS. 


The working trench-was made 10 ft. wide and opened up for 
nearly the entire length of the party wall. It was started in the 
basement of the old John Hancock Building and carried to the 

top of the existing grillage at grade —14. 
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While excavating this trench the projecting granite blocks 
of the original wall footings at grade +5 had to be split off from 
the John Hancock side. A similar projection was removed 
10 or 12 years ago on the Massachusetts Trust side of the wall 
when it was previously underpinned during the construction of 
the Massachusetts Trust Building. An 8-in. course of brick, 
protecting a layer of tar and felt waterproofing, was removed 
from the bank side of the party wall below the granite block 
foundation. . 

Below these granite blocks there were brick and masonry 
walls resting on a grillage approximately 2 ft. thick and 10 ft. 
to 15 ft. wide of concrete in which 12 in. and 15 in. structural 
‘‘T”? beams were bedded. 

The subcontract included the removal of all projecting 
portions of the existing grillage and the construction of under- 
pinning piers or caissons from that grillage into boulder clay 
at grade — 37. (Fig. 2.) 

The first caisson 7 ft. long and 6 ft. wide was started by 
excavating a sheeted pit 7 ft. long, 9 ft. wide and 5 ft. deep, so 
located that a section 7 ft. long and 43 ft. wide came under the 
wall with the balance in the open. The section of chamber 
under the wall was carefully sheeted so that no slippage of earth 
could take place. In this working ehamber a concrete shell 7 ft. 
long, 6 ft. wide, 4 ft. high and 1 ft. thick was constructed with a 
4 in. x 4 in. x § in. angle iron cutting edge around the outside 
perimeter. After this shell had set up sufficiently, the inner 
forms were removed and mucking was started inside. Four 
15-ton jacks were installed on the top edge of the shell and ar- 
ranged to operate against the concrete grillage above in order to 
force the shell down as rapidly as the earth was removed from the 
inside and from under the cutting edge. 

After this hollow caisson had been jacked down 4 ft., ex- 
cavation was discontinued and 4 ft. more of shell was built in 
place. This process was repeated three or four times until the 
water bearing stratum of sand was reached where pumping was 


required at such a rate it was considered hazardous to the 
Trust Building foundations. 
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The caisson was then allowed to fill with water to approxi- 
mately grade—18, and a diver employed to continue the ex- 
cavation through the remaining 8 ft. or 10 ft. of sand to boulder 
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clay. This method was necessarily slow and expensive, but 


unquestionably safe. 
When hard boulder clay was reached the, diver removed 


all soft or loose material, levelled the area within the cutting 
edge, wherever this was possible without removing large boulders, 
and left a reasonably smooth surface for concreting. 
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The caisson was then filled by lowering bags of concrete 
into the water which the diver emptied and distributed inside the 
shell, filling a section about 4 ft. in height. This acted as a 
seal permitting the balance of the caisson to be pumped out and 
filled by chuting on the following day, to a point approximately 
2 ft. below the under side of the grillage. After allowing the con- 
crete in the caisson to set 3 or 4 days, hydraulic jacks were 
applied to produce an initial load 25 per cent. in excess of the 
designed load. An attempt was made to maintain this overload 
by means of jacks 12 to 16 hours, but it proved unsuccessful on 
account of a slight though constant leakage to which all hy- 
draulic jacks invariably seem susceptible. 

Instead of using jacks for an indefinite period, it was decided 
to hold the jack load only until it could be transferred, by slim 
wedges, to structural steel struts with top and bottom bearing 
plates. 

When these struts got their load, there was no possibility of 
leaking or slippage. As a precaution, however, the jack load 
was again applied after a few hours time and the wedges once 
more driven home. The results obtained by this method on 
caisson No. 6, about 6 ft. wide and 7 ft. long, having an area 
~ of 43.5 sq. ft., are shown below: 


Caisson No. 6. Bearing Area. 43.5 sq. ft. 
j Total 
Time. Load. Settlement. Rebound. 
10.00 a.m. 326 tons by 3 hydraulic jacks ........ -045 ft. 


10.05 A.M. Entire load transferred to four 12-in. H 
cols. 24 in. long by steel wedges and 


jacks reledced. olin le oaetaneeee .037 ft. .008 ft. 
1.15 P.M. 326 tonsiby jacksi racine Geen ane .O48 ft. 
1.30 P.M. Wedges redriven and jacks removed.... .042 ft. .006 ft. 
Design Load = 261 tons. 
Jack Load Imposed = 326 tons, or 25 per cent. overload. 


Prior to starting any one caisson, cantilever shores were 
installed each side to relieve the area being undermined of a 


portion of its load, thus reducing the danger of settlement during 
construction. 
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To date seven of these caissons, or nearly 40 per cent. of the 
total work, have been completed. Check levels taken at frequent 
intervals along the north side of the party wall show no settle- 
ment for half its length and a maximum settlement of 3¢ in. in 
the other half. 

FOUNDATIONS. 


The foundations for the new building were first designed 
as typical Gow piles with bases belled out at an angle of 60° 


SHOWING AIR LOCK IN PLACE. 


with the vertical. This type of construction seemed best 
adapted to the conditions; but after encountering so much water 
in the underpinning work, a test caisson was driven near the 
center of the bank before definitely deciding on the method to be 
adopted. This caisson was carried down by the open method 
to grade—25 where water-bearing sand was encountered which 
showed a decided tendency to boil and required excessive 
pumping. 

When this stage was reached, the work was temporarily 
discontinued and an air lock installed. The caisson was then 
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carried down without further difficulty to boulder clay at grade 
—35, using air pressures from 10 to 12 lb. in excess of normal 
atmospheric pressure. 


J0-4 


Fic. 4 — TypicaL INTERIOR CAISSON. 


This test proved conclusively that the open cylinder method 
generally used in this vicinity for sinking Gow piles was imprac- 
ticable on this particular job. 

It was then decided to install all the remaining caissons 


in a manner similar to that employed for the test caissons. (Fig 
3 and Fig. 4). 
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Four other methods of constructing foundations for the 
bank were considered but careful analysis showed them to be 
either more expensive or more hazardous than the air caissons 
selected. These methods were namely: 

(1) Wood piles capped with concrete at grade—15 to— 30, 
depending on the grade of the basements in the various sections 
of the bank. This method showed a slight saving but was 
abandoned for the reason that complete saturation of the soil 
into which the piles would be bedded was considered doubtful 
on account of the varying levels in the basement and the danger 
of draining the upper levels while pumping the sub-soil to relieve 
pressure against the waterproofing. 

Furthermore, the risk involved in driving piles for the 
exterior footings adjacent to paved streets and near high pressure 
fire lines, together with the added hazard of handling pile-driving 
equipment on the bracing and the difficulty of spotting piles 
properly through sections of heavy shoring were determining 
factors in the decision to abandon wood piles. 

(2) Concrete piles capped with concrete at similar grades 
were considered, but abandoned because of even greater expense 
and probable danger to banks from excessive jarring. 

(3) Concrete piers constructed on boulder clay in open pits 
surrounded by steel sheet piling driven into the hard stratum. 
Abandoned on account of higher cost and the slow progress 
necessitated by working in so restricted an area. 

(4) Spread footing or mat underneath the entire building - 
just below the column bases. Abandoned because the base- 
ment grades were such that part of this mat would rest on clay 
and part on the water bearing stratum of fine sand. These two 
different materials probably would have produced unequal 

settlement throughout the building. 
The caisson work progressed rapidly and twelve foundations 
were in various stages of completion with four or five down to 
grade when unexpected soil conditions required tests that some- 
what delayed work. 

From information which could be obtained, no soil tests had 
ever been made on this boulder clay as it is called by the Build- 
ing Department. While it was generally assumed that such 


40 BOSTON SOCIETY OF CIVIL ENGINEERS. 


material was good for a unit load of 7 to 8 tons per sq. ft. no 
reliable data could be found. It was, therefore, considered - 
important to establish a satisfactory bearing value for this soil. 
The first soil test was made on an unconfined area 12 in. 
sq. at grade—36.5 under one of the large vault caissons with 
air pressure removed and relatively little water over the area 
being tested. The test showed a settlement of 3 in. in 24 hours 
under a load of 5 tons per sq. ft., 4 in. in 48 hours under a 73 ton. 
load, and 5 in. in 84 hours with the same load maintained. This 
result was highly unsatisfactory and very disturbing to all 
parties concerned. 
Som Test No. 1. 
Area tested — 1 sq. ft. of soil at grade —36.5 under Footings 36 and 36B. 


No attempt made to confine soil around area tested. 


Total 
Time. Load. Settlement 
in Feet. 
Aug. 5, 3.00 p.m. 2.4 tons (Platform) 0.000 Initial Reading. 
1922. 3.20 ‘“ 5.4tons (Platform and Pig 
Iron) 0.030 
4.00 ‘ 5.4 tons = 0.046 
5.00) 325-4) tons = 0.060 
6.05“) (5/4*tens s 0.084 
630-5" »S:4 tons . 0.096 
Aug. 6, 9.10 A.M. 5.4 tons ae 0.249 
1922 12.10 p.m. 5.4 tons oe 0.250 
5500 5 tons 0.253 
Aug. 7, 7.45 A.M. 5.4 tons . 0.254 
1922 9.00 “ 5.4 tons we 0.254 
930 716 tons OSL 
1100) 76;tans a 0.330 
' 1.00 P.M. 7.6 tons # 0.335 
4.00 ‘ 7.6 tons Xe 0.339 
2.00 7 a 2G.tons eer Y 0.343 Water pumped 
6.30 5°. 7iG:tons eh 9.384 from pit to ex- 
amine bottom. 
Immediate settle- 
ment of 3 in, 
10.00 ‘ 7.6 tons “ 0.401 
Aug. 8, 9.15 A.M. 7.6 tons 5 0.410 
1922 5.00 p.m. 7.6 tons bh 0.412 
Aug. 9, 9.00 A.M. 7.6 tons se 0.419 Test Discontinued. 


1922 
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A second test was made on an area 2 ft. sq. at grade— 36.5 
in the bottom of one of the other large vault caissons. Around 
the area being tested there was a space approximately 6 in. 
wide of unconfined soil. The balance of the caisson was sealed 
with a 2-ft. mat of concrete. The 2-ft. square area was subjected 
to a test load of 5 tons per sq. ft. Settlement of 25 in. occurred 
before 75 per cent. of the total load had been applied. Settle- 
ment continued gradually to a maximum of 3 in. when the test 
apparently came to rest. The result of this test was no more 
encouraging than the previous test had been. 

An inspection of the material in the 6-in. space outside the 
area being tested showed a soft yielding mass into which a 
man’s foot would sink several inches and a 3-in. rod would pene- 
trate two or three feet, of its own weight. The material bore no 
resemblance to the hard unyielding boulder clay in which the 
caisson excavation had stopped while the air pressure held the 
ground water back.- Under those conditions the boulder clay 
flaked off under a sharp miner’s pick with difficulty, and a 3-in. 
rod driven with a man’s full strength made very little impression 
on the surface. 
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Soi. Test No. 2. 


Area tested — 4 sq. ft. of soil at grade —36.5 under Footings 36 and 36B. 
6-inch space around area tested not confined. 


Total 
Time. Load. ie 

AIS UStHS a1 922 ieee sora 12.45 A.M. 1.68 tons (Platform) .044 
17450 17.34 tons .218 
2 OO) 17.34 tons .220 
DESO ae 17.34 tons .220 
aS 17.34 tons .220 
SLO ie 17.34 tons .220 
330 hee fons .220 

330 17.34 tons .2205 
OS Une 17.34 tons oe 
ipo) ee 17.34 tons voeg 
S50 me 17.34 tons BY 
O30. 17.34 tons .224 
LOSSO ieee 17.34 tons 29 
it SO 17.34 tons | 225 
1.00 P.m. 17.34 tons Bek 


Load increased to 20 tons. During loading of additional iron, 
the platform was wedged to prevent vibration. 


2.00 P.M. 20 tons total .229 
Ree ie 20 tons total 254 
SUN) ia 20 tons total ae ENE 
4.00 “ 20 tons total .234 
5.00 a 20 tons total .234 
8.00 A.M, 20 tons total .236 
OOS 20 tons total .236 


Arrangements were made to run a third test under condi- 
tions approximating the natural load conditions to which the 
soil under the building foundations would be subjected. 

The third test was applied on a plate 17% in. square, or 
2 sq. ft. in area, carefully bedded on boulder clay in the bottom > 
of the caisson under column 24. A concrete sealing mat 3 ft. 
in thickness was placed in this caisson with a rectangular opening 
16 in. square centered on the steel bearing plate, into which the 
post carrying the loading platform could later be set. The test. 
plate and concrete seal were both installed under air pressure. 
As soon as the concrete had hardened, the air lock was removed, 
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the loading platform set in position, and the caisson completely 
filled with water to restore in every way possible normal soil 
conditions at the bottom of the test plate. 

A loading of 20 tons equivalent to 10 tons per sq. ft. was 
applied gradually to this steel plate and resulted in a maximum 
settlement of less than 1 in. 


Som Test No. 3. 


Area tested — 2 sq. ft. of soil at grade —36 under caisson No. 24. 
All soil around area tested carefully confined and normal load conditions 


Time. 


August 9,1922... 1.45 p.m. 


2.00" * 
eehObe 
2.20 


August 10, 1922... 8.30 A.M. 


August 11,1922... 8.30 4.M. 
1.00 P.M. 
200 re... 


were restored. 


Load. 


1.2 tons 
(platform) 
2.2 tons 
4.2 tons 
6.2 tons 
8.2 tons 
10.0 tons 
10.0 tons 
10.0 tons 
10.0 tons 
11.0 tons 
13.0 tons 
15.0 tons 
15.0 tons 
15.0 tons 


15.0 tons 
15.0 tons 
16.0 tons 
18.0 tons 
20.0 tons 
20.0 tons 
20.0 tons 


20.0 tons 
20.0 tons 
20.0 tons 


Total 
Settlement. 
in Feet. 


0.000 
0.001 
0.013 
0.021 
0.028 
0.036 
0.039 
0.039 
0.039 
0.041 
0.047 
0.054 
0.056 
0.057 


0.057 
0.057 
0.058 
0.060 
0.064 
0.068 
0,069 


0.079 
0.079 
0.079 


Initial Reading. 


Test Discontinued. 
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This test was felt to be very satisfactory and it seemed fair 
to assume that the settlement to be expected under the large 
caissons would be materially less than that developed under this 
small test plate. 

While these tests proved that the soil was capable of sup- 
porting 7 to 8 tons per sq. ft. without excessive settlement, 
the importance of the banking structure and its intimate rela- 
tion to the Massachusetts Trust Building seemed to warrant 
adopting a more conservative soil loading in order to reduce 


Fic. 5.— INTERIOR CArssoNs* IN VARIOUS STAGES OF 
CONSTRUCTION. 


settlement to a minimum. Consequently, a unit loading of 
53 tons per sq. ft. for the interior columns and 5 tons per sq. ft. 
for the exterior was established. 

After reaching this decision, the caissons already excavated 
were filled and the remaining caissons in the interior of the 
Milk Street end were opened up. (Fig. 5.) 


The caisson work is started by constructing the bell ends — 


in pits excavated approximately 6 ft. into the clay below the 


basement floor. - The bells are concreted and a section of the 
shaft constructed above the bell before the excavation is carried _ 


further. When the bell concrete has set up sufficiently, the 
inside forms are stripped and muckers commence removing 
earth from under the bell and its cutting edge. A portion of this 
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excavated material is carried away, but a large percentage is 
deposited on the bell to increase its weight. 

As the excavation proceeds, the caisson sinks of its own 
weight. It is kept plumb by wedging against the sides of the 
original pit and by undercutting more rapidly at the points 
which show a tendency’ to lag. 

The excavation is carried down in the open until the water 
bearing stratum of sand is reached. Here the work is stopped 
temporarily until air locks can be installed in the shaft and air 
connections made to the compressed air lines. 

The excavation is then continued in a similar manner except 
that the muckers work under air pressure of 10 to 18 lb. and 
elevate their material in heavy canvas bags instead of buckets. 

The caissons under air are lowered by releasing the air 
pressure momentarily and permitting the huge mass to slip 
down on account of its tremendous weight. When boulder clay 
is reached, the caisson is plumbed, the bottom carefully levelled 
off, inspected by the resident engineer and a sealing mat of con- 
crete approximately 2 ft. thick deposited over the caisson bottom 
by passing the concrete into the air lock and then discharging 
the contents of the air lock into the caisson. 

The sealing mat is allowed to set up 24 hours under air 
pressure, at a temperature of approximatly 80° Fahr. The air 
lock is then removed and the balance of the caisson concreted. 

To date practically all the interior caissons for the north 
end of the bank have been finished and work on several wall 
caissons is in progress. : 

It requires about ten working days to complete one caisson, 
but ‘several caissons are, of course, operated simultaneously. 

Air for the caisson work is furnished by three motor driven, 
heavy duty Ingersoll Rand air compressors, so connected that 
one machine is a spare or emergency machine for replacing 
either of the other two when repairs must be made, or for supple- 
menting the other two in case of unusual demand. 

With average weather conditions, it is expected that all 
foundations and a large portion of the basement walls for the 
bank will be finished before the end of the present year. 
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EASTERN BRIDCE Q & 


2 2 STRUCTURAL CO. 


Worcester, Massachusetts, 


For Prices on all Classes of 


STEEL AND. IRON WORK. 


WE DESIGN AND MANUFACTURE 


ROOF TRUSSES, GIRDERS, COLUMNS, STAIRS 
AND FIRE ESCAPES FOR BUILDINGS .... 


FOOT BRIDGES, HIGHWAY BRIDGES, RAILROAD BRIDGES 


We Carry a Large Stock of 
I-BEAMS, PLATES AND ANGLES 


Can Make Quick Deliveries. 2 2 Send in Your Inquiries. 


THE EXTREME HIGH QUALITY OF 


PENNSYLVANIA PORTLAND CEMEN’ 


MAKES ITS USE ESSENTIAL WHERE 
WORK OF THE HIGHEST CLASS IS DESIRED 


PENNSYLVANIA CEMENT CO. 


NEW YORK OFFICE BOSTON OFFICE 
131 East 46th St. 161 Devonshire St 


WALDO BROS. AND BOND COMPANY 
Building Material and 


Construction Equipment 


181 CONGRESS STREET, BOSTON, MASS. 
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SCIENTIFIC BOOKS 


AND PERIODICALS 


THE OLD CORNER BOOK STORE 
27-29 Bromfield Street 
BOSTON, MASS. 


Rentals with Expert Operators a Specialty 


JOHN E. PALMER 
JOHN G. HALL & CO. Contracting Engineer 


114 STATE STREET, BOSTON Contractor for Sewers, Water Works, 
Concrete Bridges, Concrete 


- Foundations, etc. 
=P ; 4 d N c— Room 1012, Old South Building 
Boston, Mass. 


Telephone, Fort Hill 1731 


LEDDER & PROBST, Inc. |B. F. SMITH & CO., INC. 


1 PEARL STREET, BOSTON (9), MASS. ESTABLISHED 1878 
urveying Instruments | Engineers and Contractors 
REPAIRING ARTESIAN AND DRIVEN WELLS 
LUE AND BLACK PRINTS FOUNDATION BORINGS 
79 MILK STREET 
Drawing Materials BOSTON, MASS. 


DEOUT, CHANDLER & JOYCE New England Foundation Co., Inc. 


Engineers and Piping Contractors Engineering and Construction 
3 HIGH STREET - BOSTON, MASS. Simplex Concrete Piles 
Caissons — difficult foundations 


Steam Specialties, Engineers’ Supplies 


Piping of All Kinds Furnished or Erected 120 TREMONT STREET BOSTON, MASS. 


-oOY H. BEATTIE|COLEMAN BROS., Inc. 


JOHN F. COLEMAN, Pres. and Treas. 


Harbor improver<o°S | eeneral Contractors and Builders 


Divers :: Lighters 
Main Office 


9 PURCHASE STREET 245 STATE STREET, BOSTON 
FALL RIVER, MASS. Brewer Building CONGRESS 6886 
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Assnriated Architects Printing & Supply C 


BETTER AND LARGER QUARTERS 


NEW LOCATION 
25 Pearl Street, Boston 
BLUE, BLACK AND VANDYKE PRINTS 
GELITHO REPRODUCTIONS 
SUPPLIES 


Telephones, Main 8482 and 8483, Connecting All Departments 


Est. 1881 
Book: Job Designing 
Magazine Engraving 
Catalogue Lithographing 
and Law Electrotyping 


Pir nit ne 
g 


Our Motto: 
Quality and Service 


REMOVED TO 


and Binding 


# 


*Phone: 
Congress 1389-90-91 


287-293 Congress Street 


Knowledge of 


Engineering Design 
Estimating 

Planning of Operations 
Purchase and Supply 

Labor and its Right Guidance 
Cost Accounting 

Essential Control 


Combined in a single homogeneous organization, ade- 
quately financed, is the 


POWER behind ABERTHAW ACCOMPLISHMENT 


ABERTHAW ConsTRUCTION CoMPANY 
BOSTON MASSACHUSETTS 


ATLANTA PHILADELPHIA BUFFALO 
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FOUNDATIONS 
ENGINEERS AND CONTRACTORS 


Chas. KR. Gow Company 
BO Boylston Street 
Boston 


NEW ENGLAND AGENTS 


Raymond Concrete Pile Company 


GOW CAISSONS 
RAYMOND CONCRETE PILES 
SOIL TEST BORINGS 


1440 CEDAR Sr., NEw YoRK City III W. MUNROE ST., CHICAGO 
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T. Stuart & Son Company 


General Contractors 
AES 


NEWTON, MASSACHUSETTS 


Bay State Dredging & Contracting Co, 
Ke 


CONTRACTORS 


River and Harbor Improvements, 
Sea Walls, BreaKwaters, Heavy 
Masonry Construction. 


62 Condor Street, East Boston, Mass 


JAMES E. CASHMAN, Treas. 
GORHAM H. WHITNEY, Prest. DAVID J. WHITE, Gen. Mgr 
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SPECIAL COMMITTEES 


ON THE LIBRARY 
JOHN B. BABCOCK, Secretary, Chairman 
DWIGHT PORTER EDWARD H. CAMERON 
ON PUBLICATION 
HAROLD EK. BARROWS, Chairman 
- EDGAR S. DORR } HENRY B, WOOD 
ON PAPERS AND PROGRAMS 


: DUGALD C, JACKSON, Chairman, ex officio 
- HERBERT N. CHENEY FRANK M. GUNBY 


HERBERT 8. CLEVERDON J. H. MANNING 
RICHARD K. HALE : FRANK A. MARSTON 
 ‘JOBNR. BARGOG, Secretary 


_» ON SOCIAL ACTIVITIES 

ERWIN HARSCH, Chairman — 
 FRANE e FLOOD HOWARD C. THOMAS | 
_ KENNETH C. REYNOLDS | WALTER A. WOODS 


ON MEMBERSHIP 
JOHN E.L. MONAGHAN, Chairman 


A 


THUR B. APPLETON — GEORGE S. COLEMAN 
ed. SPL ee . _ FRANK C. SHEPHERD 
eet D. TRASK ‘ ; JOHN P. WENTWORTH 
; i DANA M. WOOD — ae 

# ON WELFARE 

a ee LEWIS E. MOORE, Chairman 
‘vi A. AMBROSE ve, CHARLES R. BERRY 
HN E. CARTY oa PUSEY JONES 
“gece LAWRENCE ‘JOHN F, OSBORN 


‘RATES FOR ADVERTISEMENTS . 


For one year —10issues — 


CPG ee ey Ge 
% 


One-half page. ; 40.00 
; _ One-quarter page : 25.00 
: _ One-sixth page . . - - 17,50 
cs ~One-eighth page... 3 14,00 
ee Z cmioeveiad page. 10.00 


formation, ct ‘for contract forms, address 
- WILLIAM L. BUTCHER, Editor 
--—--- 415 Tremont Temple, Boston 


LIBRARY AND MEETING PRIVILEGES ARE EXCHANGED win ‘HE 
FOLLOWING ORGANIZATIONS: 3 


American Institute of Electrical Engineers, 33 West 39th Street, New 
American Institute of Mining and Metallurgical cae ire 29 West 
New York. = 
American Society of Civil Engineers, 33 West 30th Street, New York. 7, 
‘American Society of Mechanical Engineers, 29 West 39th Street, N 
Brooklyn Engineers’ Club, 117 Remsen Street, Brooklyn, N. ¥. — 
Cleveland Engineering Society, Hotel Winton, Cleveland, Ohio, 
Detroit Engineering Society, Detroit Board of Commerce Bldg., D 
Engineering Association of Nashville, Chamber of Cee Bldg 
Tenn. oa Sere 
Engineering Institute of Canada, 176 Mansfield Street, Montreal, 
Engineers’ Club of Baltimore, So. East cor. Light Se 
more, Md. at 
Engineers’ Club of Dayton, cor. Monument Avena 
Dayton, Ohio. 
Engineers’ Club of Kansas City, sees. 509, <i C8. Bldg, 
Engineers’ Club of Philadelphia, 1317 Spruce ‘Street, Philad elphia, P 
Engineers’ Club of St. Louis, 3817 Olive pia pim ic ; 
Engineers’ Club of Toronto, 96 King Street, West Toro: 
Engineers’ Society of Pennsylvania, 31 South Front { 
Engineers’ Society of Wentern amet f 
burgh, Pa. i ares 
Louisiana Engineering Soviety, State iseut 
New Orleans, La. Pde neath ER 
Montana Society of Engineers, Sou Mc 
Pacific Northwest Society of Engineers, 803 
Rochester Engineering Society, 131-135 Sibley 
Technology Club of Syracuse, Vinney Bl 
Vermont Society of san. gc 


